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ABSTRACT 



This nrvennon relates to an aqueous cleaning method for 
removal of n^^-organic oompositc paste residue from me 



paste screening eqo^ 
mvenoon is particularly concerned with aqueous alkahne 
cleaning soruhbns comprising aHaE metal salt andVbr qua- 
temary ammonium salt of an organic add preferably 
a-oydroxy carbozyhc acid in toe presence of excess alkali 
and optionally a surface active agent for use in < 



equipment, substrates, etc., which are ^ m trx pioAictioo 
of electronic r™ A 



17 Claims, No Drawings 
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AQUEOUS CLEANING OF PASTE RESIDUE ^ polymer birL and *. ^ system „ 

PIELD OF THE INVENTION ^^^SS^tTc^T^ 
Ints invention relates to an acucons cleaning method for paste with the ceramic green sbcci material 

removal of metal-organic compose paste residue from th c 5 la ttigh throughput screeuing in the production of ceramic 

S^e^f^^^r^ fasB ^* ssodated f£T^ ™* cleaning ha, becu carried out^fa^c 

pastescreemng equipment, substrates, to name a few. The »h*nts in a real time operation to provide evckl time 

c^^J^S^ J !^? ed . wiUl «V«« S compatibility with marwfacturing screening andefcante 

ckanmg solutions comprismg alkali metal Salt and/or <raa- requirements, such as described in VS. PatT No 4362 486 

SS^SSo^ 2 P refe ^ P*"*).** W. No. 4,483,040 

a-hydroxy embojryhc.aad in (be presence of excess afteS International Business Machines CtaxSon^Sm™* 

«^^va snrfiee active agent for use m cleaning J** ■««» «* dfectanres of which 

components, such as, screening masks, associated screening by reference. 

*~ Hatnmabilily or combust*ihty, cbemical safety, and waste 

BACKGROUND OF THE INVENTION 2^^1^££r£ ^therefore, aqueous cfcan- 

. _ . . , ™* b generally preferred for high volume production euvi- 

in the fabrication of ceramic substrates or ceramic chip «0™*«». 

W^ C S*^^^J^ to ^^^ B »^- » v J*" 5 - P,L No - 5^21,362 (Port.) describes non- 
mrgy on substrate «s defined by screening metal-polymer baJogeoated aqueous decreasing compositions based on 
cornposrtc paste on green sheet by screening through a mixture of alfcanoic acid inchjdfcg hydmry alkanoic ac&L 
contact mask, such as > metal mask with closely spaced fine «"igbt chain attanol or an alkylester <md water foTnscfa 
dimension etched pattern. Paste screening through such removing inks and cleaning printed circuit boards. 
^k^S^T,^"'^ ^ well as on * VS. Pat. No. 5,264.047 (Winston) describes aqueous 

^^w^ of the mask fc^tnre^Tlds residue must be cleaning compositions onaprisS^ks^S ^nfc 
™!l^L? sa ? raiD « » ^ 1° adjuvants, areJVfow fowbrSTZ^cS 

assure eastern qnahty defect-free screened nat.cn, metal sal. of carboy acids^^cZ^^ftS 

Standard process for ceramic substrate production c ^ bo ° **>™s- These compositions are used m removinn 
mvoh^^ sheet casting of ceramic slurry on , carrier, 30 soldering flux and other residue fcom primed wmnsboardl 

™° <^»™c typfcaDy comprises ceramic filler, 35 VS. Pat. No. 5,286,403 (O'Dwvei) describes 

_™f. c ?°?*? lvc ,P I f es commonry used in multilayer S"* *ctd and organic acid with surfactants for clearer* 
ceramic (MLQ technology are dispeisiocs of metal powder floor tiles. ^ 

wSSB^tLl^S^ S'mfcffi? ^ -P J± ^ No " 5 '***» (Winston) * concerned with 
m nw7i!,^7ir^ ^^f^ts, »ad thfckenmg agents aqueous cleaning compositions comprising alkali metal salt 

t?Sl!rlr W T«!? WCte ^ 85 ^^M.icartx^c.garric^ 

Commonly used metal fillers are mofybdennm, copper. trope for solder flux removal 

^.^. 1 i ° COciufl f tian "» P 0 ^ of U & Pat No. 5,575.857 (Lonsld) is concerned with aoue- 

SethSil^^te "^jej^ «poly<mea>yl « on, alkaline cleaning JZ^kc^ ^SSSc 
inSh^^JS^^^ rekted systems, 45 art or scale font metal surface, tfJl3 g ^rur^ 
JlfhffiS^^^ «» siaio 8 «f wdrum and pcHassium carbonTsah and. 

Keprcscnutivc high boiling solveots used in metal- ttennoaatin sail of sarcosinatc 

o&r^dTKlTrr^c^v^e^rt "rf*^ 50 ^ ** Na 0«rf>es method of 

col ethT^ S£*1T^r^!? ( ?? aDoJ ^ ^ ck * nB »« P*^ substrates with an aqueous 

mSZ3fcf*7£L? cb di(etfcyfonegl3reol) cleaner, such as. tdkali metal carbonate, a snrfiuaat^afbK 
f c ^T^L, U ^, d J (ethy!e ^ yC ? I) "««*»«y> metal silicate, and a stabilizer forsflfeare. toprSv^.^ 

^ ^ X ^Pyl^x^D replacenxnt for alcohol solvents 
mooc^l ether. di(propyiene glycol) ruooobntyl ether ss As^^^^Kvx^^ckznns 

c^kj. , . , miste and associated equipment used in screeninc eenduc- 

J^^FZ? vJ? B P^^.tyP^y comprise tive paste o D to green shee, in the rnanufacWoflulS 

between about I to about 5% of organic binder and other cleaning metal stenrils used in the ejection of^^ rLae 

nec^organk a^hve^dthe balance constituting « P^n substre.es. Th^e^^ 

^l^^t °? CIX ' ing 1 . 0n * e »>i™fc«0lvem with aqueous cjearring of screening nnSw^S 

l^T2^t qP'fg.fcrawhtions, the paste can be polar or cJeaning oomposilions that are, pWerablTwode^SaWe 

noo^ ar, hy^phibc or okophihe and thus having differ- arXtre cJcpaubic with stai^ard^wSeC^e^t 

cut wettuig cbajracterisocs for water-based ckaning and also methods. «» w«™, Br uciniem 

to having different interface interactions and adhesion to ss A«wrt;»<i ■. . , , 

^ rnetal mask surfaces. Selection of a parS^ " I^^^S^^^J^^' 

We m rerms of the metal filler and its particle^ SOdiun^lXSmt^ 
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and optionally a surfaTactive ag^p^o 5££i££SL2r^^ **» 
effective cfeamqg Mlntioos for renx^sSL otc^^ 3^,^!! ^f" 2 ""'P^ 005 ^ 
««lu« from metal masks, such aTcTcXS^ $ ^ ^f?" 

ekcttofonn madcs, stencfls, etc aqueous cleaning method for screening masks where the 

It i», f„,„sH ,k,. . .. ... dissolved metals and organic; In it* waste water are readily 

*~^J^Jj^\ ? qU T S ?- fu,K>0 rf lactjc ««»ved by standard treatment methods while dTc^ve 

glucomc acid, sodium andA* potassium ingredient in lie cleaning ^hifi^^r^JbkJ^l^Z 

vT^L il •^^ mS CIce « aIk4h - «« optiowDy » the waste water can be safely dirtmed!^ 

low foam non-aomc and/or an amphoteric surfactant or an n *. 7 . . 

ionic surfactant provides excellent clearintt^m for Therefore, m one aspect this invention comprises an 
screening m*to I mnove K.S^andt^S ^^^^, <Wmp °^ on f " ^* ^ e 
based polar and non-polar pastes usW pressure ™7ZTZ is ITS T a t *"T ,efll comprising, at least one water 
nlUasonfc agitation. lTh«h S«dSS c ^ wate^ * least one 

pressure and 140-170» F. solution temperature, ejefcrime ^ 

for ma* deamng can be less than 20 seconds, on an DETAILED DESCRIPTION OF THE 

?^ SC T e< i? n £* Dd ck * m ' n g K^ 1 - Tbe*" compositions » INVENTION 
are also mundeffectivem cleaning solder paste residue from tv. . 

the metal stencils and screens. Such pastes eenerallv con- • - *fl ueous cieaalII S composjitons according to this 
sists of solder filler, and. as, FWSn eutectic, ffil ^ U °° <^ Mtoio »« Of pH in the range of 

Ag/Pd, JMn, Snfci. Snfln. E <SgTfc canfc^ohSrS ^£^>i?,f Dd 12-«, and are compriS of 
flmcing agent, snch as. ram-based flux, otganlc acids, to » £3*"^ carbra 7 llc «*««• potassium or 

namcalew. quaternary ammonmm salt m a^™* «Hfflll, and ?r ri™.«i] y 

a low foam uoo-jonk, ionic, and/or amphoteric surfactant 
PURPOSES AND SUMMARY OF THE Preferred hydroxy carbaxybc add salts am derived from 

INVENTION lictic tdd, aspartic acid, ciific acid, gluconic aczd, UrUxK 

The invention piovides novel ^jneous alkaline cleaning 30 ^SSatS^S!^, ^ 
oomposttions based on a4wdroxv aAar^e^A^atTit hydTOa ? de <* aIk!jl catbonale andfar 

the of^ affi7nd^^fa d cSn1 S^^^T^*' ^ 3 amn ^ 

stencils. Tb7a«L™ n^i^JL hydroxy caAoxylic acid salt useful for (be purpose of this 

cleaning whtle mainuininp the <^ti^rJ^r^Z^VZ l * x,hac »f 70-80% m water. Cbrre^oiiding potassimn 

rcliabifitT. no impact on protmct nc aod are prepared by iieutraHangaqnecms solution of the 

iv,.*-, „,„ - f otgamc acid with stokhionietric amount of anaeous aflcali 

J^T!;^!. 1 ^!^ P™ 36 "' inveotiOD fa •* »^thte adding exoe^alMitobriagtoi^pi^^iX 

mthe^duct^ of ceramic substrates that provides effeo betweeodxmt 12.1 and about 125. P«»rai»V 

ons^^^^'l^^ 

nTut^S^t^ rem ° Ving ^ P1S,C 6,0111 g^** ~ » combination of L conespondA^iinTor 
v fL » P 0Ussinm TMAfialts of lactic^^^^daad 

.» ^." >0 ^ P,U ^ P T^^ I ^* to P r ^ gluconic acid, with aDcaK in excess of stokhtometry to 
an aqueous deamng composition using salt of hydroxy obtainpH in the range ofbetween about 12.1 and about 123 

S^^T^J* 1 *^ ^ ^ ^ Citric AJtern^h^xycarboxylfc^saliswmehc^abooe 

^^ZI^J^^^'^^^^^ ^»«w^totbimv e an^indudc»d^ 
^^enmbmatentoerootm excess alkali, and optkm- ss trisoditim cilrate, sodinm tartrate, sodium hylo™^w 
ally low foam surfactants, preferably amphoteric auditor potassium tartrate. pnt^^^y^S^^ndeKc 

rr',^^^.^^" ^S^^lte^^ndSg^Smm^ 
can also oanlaia other additives as csonosioa inhfcitor and salte. 

S"^lS ,,,tt,,1 ^ ,e ' aeh Surtax may also be added wbich can be non-ionic. 

M i 60 Knuc ' or amphoteric and combination thereof. 

-SSr^rSSSr Low foam a^hofcric snrfectants preferred according ro 

screening masks by usine alkali metal mH .™tw „ . ™r 'yP 6 «— WltHjCHaCOOxyX,, where 

e%lamiorfum ^^laaifaca adfar^SJ??^ « R ^S? re P rescnted by CA~, u-8-12. x-H, 

SS^^w^e^^XaSentS ^^^^^^«yrt.^«ons, 

the range ofbetween about 115 a^ahoii? 12 A^ » »«n»nmm ton as quaternary ammonium ion. 

™*een aoont no and about 12A ReprcscnUtrvc amphoteric surfactants of Ibis class include 
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A^^^, An I ^lcricAO^W aB dAO-a4-2ao«iuh Udi So*™ »^ . 6 

«»focts), betainc dermics as coco-ifflidoprcpyl bctaiue na^^tJ^S^ ~^ 15 comni«oally available (bade 

materials which can also be usedT£cS„ w T r £*!SL!L b f^ ab «« 70 about 80%* 

with non-«,mc aod/or ionic surfactants. Low fw m nanJ^r ^^fodiuq, gluconate js also commercially avaflable as 

surfactants that can be used alone or in^SnS^Sn s ^ 84,(5 ^ » 

'S^? er,< "^"-"l »«: linear primaTSj K^T" 8 «* 1 ^ 

cfcwylate^ particularly those wbicb aYe hkSegSSfc. ^rS£ T!*** m W*egndabk ~ 

Such »s with trade Mmedesignationa. NeocfclfSiJlc3\ .Jj™"™ **** water a>l»«wo bas pH about 8 and 

"Wine 25R2. Pturaf^^SoT Ph^r^A ^mA^! ^^fT* pH between ^'7 and ibout* 

^DF^Trhon-54. Triton CT 10 ^DF-2l)ffiSoS 10 J^^^l!! ^ « thl « ^ «^watcr 

oon-W surfactants found effective «JornwVS j£ „S w -^^S^Z** ^ fi^^^S. The diJolved 
^^^.pol^^^-ffi ^^^^V^^nSSt 

latod alcohol adfat* and iSSKSflTtS 5^S?3 nt^-^ S 

ssssasr — * -et-s ^^«^aT^ss^ 

^ ° f KOH ^ ««trametbylani t0 «iru O i treatment. For more complete removal^ diLlvXt 

hyd^ro^ to adjnapHm the range <rfbetweeTS 30 ^^^^ ^aho^^^^ ^ 

^r.*° d f^f "J- ^ «ay ab„ contain 

betwwn about 0.03 and about 03% ACMOO as an EXAMPLES 
S^^^fp^STnS ^ <^«^es are intended te fur^austrate 

Tnton X-100, can also be used. Ao a.rueow cfcaning solution cotaprisiog between aboni 

<b | J^^J-Wmoina, salt of lactic add (TMA- * H**? 1 ' 1 *™ % of a^e^S hav^p^f 
lactate) formed by ncnirali^ lactic acid sofata. t^J™ ^tL"**"* 123 > was JF«P»«^m&« 
m wate «gh aoneous tetrainethylannnonium hydro^ ^H*™ 6 *" P^S«uS 

ide (IMAH) ad additional TMAH to adjust »H to 1200 ml of 10 wt % NaOH acpeous soteikmaod 

jSTi^'^y 3 " 0% *> of combed active ^Z^?^ " deic ™ zed mate up about 5 

C3KeSS <nd reS^™ £1?^ ^P^? T"* 1 ^ screening paste 

wWinves, the balance being water, °" *« 7 »» about 8 inch square actfceWinask, 

(c) between about 0.4 and about 1.0% bctk acid ancVbr Sh^S^^-^^ m ^ byimssu ' ized9 P n y 
^ochk: acid salt obtained by n^trahzanon of S » tsO^teS^^f^ 11 ^ 140 10 *"« 
^ h NaOH, KOH, W. a CO, sodium S, ^In^l^ 60 -^ ^ 70 psi,&r between 
^^^^or TMAH and 'additional aftaj S Swtnd^h^^l' ^ ° > °? med «««« 
bctweea about 03 a 0 d about 1.0% (wt %) » adj^^ S^hZ-^L ■ of solution for each mask 
md*»i^etfbetweenal>c^I23andal^l^^ '^!?^ y Clc * mn « ^ ^ immediately followed by water 
AO-400 amphoteric SUrfaetanTt^nSa^wS ss ZT^ 1 ^ 120 and about 130 1 * E under 
b«*cen about 0.05 to about 0.15 wT%^d^rTcn ^ ^ ^i' 1 ° nS - ^ of ^oducdve 

abont 0.02 to about 0.10 wt % etho^latod^S f^T^Vf Cu^i and OvT^Cu ****** masks 
«Ukl. « snr&dant, such ^ StarKfapo^lHetS c ^^^i* VMg ^' <^ w . « Ou-Ni filler in ethyl 
Emery), ^ alcolJe^xyiri; a zin S T^^^J ^^ylpcnUne dioM. 
sutlactanL Jmomnsctuqwe Cfcfcmol) as solvent along with other 

This invention provides an environmentally friendly low ^^J^T^^^I^ sittfiuaantAKspersant and 
OKt, noQ-hazardous. LKMMoxic and r^a-n^unmabrrenW ^ ^trasonic cieaning of screening 

mcnt of solvent-based cleaning utiEsns^^J^' ^1 ^ 40 ^"cy. with tins solution 7t 
that can be obtained .hrou^SSor^erivSC S^^'f^^^ 
J^arural ^m«s. La«fc „cid occurs in sour miDc asT^uT^ « ckanmg w.thm about 30 to about 60 seconds of mimerskm 
lactic bacteria, in molasses. aJi frnSTl J " ^i 00 foUowcd ^ water rinse and dry by 

cbta.ned by the fermentation of carbciydrteTw^^J/^ u^e^ J^^*^ ^ P ^ res ^ « 

" la, w " t «aaued included pastes with Mo, W, Cu, Cu/Ni 
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metal filler wiUj and without ceramic filler in ethyl cellulose/ „.„v».t „ , ° 

Tcxanol bfade<fcolve m sy^ fa nci*«^5JKK * ^ fo » various pasle 

fiom Mo and ekctrofonn screentofc masks was nhrnw ino the ^rJ^ vl!lT ai . aDO ! 1 [ w ™ irequcncy, immcrs- 

S^lw^Tl^ P™ 45 "" ^ ^ wiih b« Examples 
Oeionued water and bot «r dry. fa this automated deamoe 

pro^^U^nofsofatiMi was used ^ for cfcanfal is ^ S0 * Iun «*nfao, about 4 gaUoos, 

^ mask w«b the same whnDC ^ ^ jn J* pr^d by treatfag lactic add whh excess NaOH inS 

1 * c ««^'i«P«cto ^ « described fa Example 4, having about 2% 

pkte removal of readw from all areas of mask for an types IS*? P 11 ^ between abonl 12.1 and about 1X2 was 

of castes wfci* i~.t„^ „. . , ooathued an alkaline sodium citrate (1 gallon) pn^red by 




bmJerw^Bon.polariiikoilsolvttitvehick. cfc * am S ^<*nmg masks and other paste residue cairyfae 

SCaxeoiag equipment osioer wwu m *_ -j • 



_ *^">«g equipment using pressurized spray deafang c? 

E*«m*2 2 5^'^^f^fi^lyw«e7Ze. n dd5p S 
Aa aqueous deanfag solution comprising stoichiometric ofm^S^i^tff^^ rf ^ ffl ^m! 
TMA-lactat« salt QeiniaahyUmm^^^taa)^^^ ZZ^J^ b T^ r '^ soIvcm 

TMAH to obtafa pH fa^W^^^ f^PT^ <*W, and CWfi based conduct** paste, 

^^wasprep^o^rSw^t^^tw ^ «^ filbr, ehowedt^ 

*b0W 1/) % w^aM^s^mTffa&SSrtl 30 fe^t^^J^ 1 ° f *"* dcanfag time 

of lOfc sohm^ofaboa 85«U^,^c^S- - ^ varied with tbe conditions used, ^example, ulanTa stan- 
io farm ^^^iTsSL^aS"^ 

TMAH for pM adjustment to deJ^p^^ben^! 2il^ d ^^J*"*. 1 * to about 160° F. solution 
about 12J to about 12 4 M***Wm£* 1^* .i.- D<t ! W * cn »e»pcratnre, it required between atxwt 40 and .hoot 60 sec 
•o^a^^^^uSmljSSSS * ^ ** p«te removal followed by about 30 Skater 
described fa Examp^te llbo^^inT^^ir ^ wtth ultrasonic agitation at about 40 kH* frequency 

effective removal of rLkhTfro^^^^^ «^maj^ screeuiag and deanfag tool ustae^SdS 

Mo and eiectrofona masks. ^""""'Vpea or pastes on multi-nozzle spray cleaning at between 140 to about 170 psi 

^ spray pressure required only between about 15 to about 20 
Examples ^fortbe deafang step foJlowed by between abort 15 to 

. ^ . about 20 second rinse with hot defanized walet 

An aqueous deamng solutfan bavfag pH about 12.7 was ' 
prepared by combining aqueous sohfaoos of sodium lactate, Example 6 

sodmm carbonate, and sodfam bydroxfae to obtain total . „. ,. 

solids between about 05 «xJ about 1.0* with a reLtive 45 J^J^.^" of potassium kctate in water and 
^tafiw hvdroxidc/carbonatoflaaate coa^w ^^*^1TJ^. b J™*>^fl ^ add 

«2~nVefr Pressure spray cleaning of casks carryS ^nT^^ ^... K ? H 83x1 c ™** 

solubon p^be^ it between abouTtlo^Ubout 16V> f. „ m^^S!^^ 00 fIb f ah ^ oA «*) ghrcopon LF-l 
«Mh standard smgfc-oozzle pressure spray method atabout * S^^^,!f nonJonic surfactants. 

70 psr and between tbout 45 and about 60 seconds ""P^vely; to Obtam mixed sofatfan pH about 123. This 

time provided compete n^TrSduttbSS ^aS^^^SLl^J 6 podium lactate wS 
Insure spray rinse with hot water and bot afr drTeave ^Ha^dded fix desired pH, arf ^ut ai wt % each 

clean masks suiuWe for repeal screening operation^ « l^'^S f * e t to « «^ tognxficntt. Spray 

70 psi and between about 145 and about 155* E solution 



Example 4 



— ~ » i»> i -» ■ ™" uu ujmm aaj t>, sojuiwn 

An alkahrie cleanfas solution of «H «h™„ toi -j eSective "n*** 1 r«idiie withfa 

contafaing about 20%^ve^^t„^!^- 12 "? J"* 1 toaoomfiOsenwhfchwtefirflowed by spray rfase 

m ionized water to a total «fcS«3SS « ^bodimeoUU is evident thai m*ny alternative^ L^fifica- 

tw. «xi«^« . vonnne of about 5 « turns and variations win h* mm^r^U t« J*Jit- j ... ... 



uMwuzca waier to a total solution vohnn* nf »h««t c ^- . . . ""~*-" k •iicraiivc^ moQQca- 

ganons. TV solution was used faV c^^.^ orc !^J ^ and variations will be apparent to ft^ ^ in U>e 

parts by ultrasonic cleaning mc^odlS^X^ - " ^ - "* foWg0& ' S ^ is therefore 

asoowea e contemplated tbat tbe appended clafac will embrace any 
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sotb alternatives, modifications and variations as felling 7 The ~i~ • . . 

Wittottetinesa^aals^toflhepre^, inve^tion!^ tJJ^^ de ^~°*°^ of< ^ ^wherein 
WtaJ is claimed is mveouon. toenmpastion comprises an organic bus and the organic 

1- An aqueous deanmg composilion for removing paste ZlfLT 1 ^ 601:0 « r0u P ««aflfflg of aqueous 

residue from , component txrajprising: at least o^f^ter s ^J" 2 ? ammotirinn hydroxides, the ctmrpositica have a 

soluble salt of a hydroxy ca*oS&ad«l 5StT«S5 P .l". lciSt *-» ^ » «* «bW^ 

active agent and a member selected from the group consist- iquCous "^^S composition of claim 7, wherein 

mg ;of orgamc and inorganic base, wherein said surface owtemary ammonium hydroxide is selected from the 

•euve agent is selected from the group consisting of biode- SP 1 * consi » ,i,, S of tettamcthyUmmoahim hydroxide 

Stable suffectant based on primary alcohol etboxylatc, w 2^ te,tt «^™»oi«mm hydroxide. 2-hydro*ycthyi- 

»Jg^yglyoaadcg based on polysaccharide chemistry, ^thylanmionhim hydroxide, and mixtures thereof. 

^^^^■T^y 0 ^^^ block co-polymers, and »• Tie a<^nscl< a ni I ^ composition of cto 

2TSbnS- VSS^jf^*^^ composition comprises an inorganic 

^^J^^ aJkyipbenol sulfates and suHbaates, S** base i* selected from the group wasfe*,- of 

octiS^? '^"y^^ther of the tyP u «n«»J carbonate, bicarbonate, bydrSS^^SonS 

^.^^y-P^ttoxyctbanol, "onyJpbooyletoer *od combinations thereof. 7°™^ «=*«i«rboiiate 

uT^S^J! 1 ^^ 0 Sl ? fectaflts °f «e type alky- 10. Ihe aqueous cleaning composition of claim 9 

J^i^^^^^^^k'^i^H, and y^ Diem- of Na, K, and combination thereof. —wung 
£t gr ° Up 00nsist «« of Na, K. (CHS)^ 20 11- The aqueous cleaifag wmposinoo of claim 1 fi, rth „ 

(tenr^yfanui^tuiunradicJ), and beuine derrvalrveT comprising, surfaced iZL^Z 
J;J£ «g^leamy composition of claim 1, wherein insisting of non-ionic swta,X^mS 
«^fb^carboay & ac i db.sa,«of« 1 ^ydro J cy **>g<*™ snrfacums and^^^*^ 

atfd a-tyfeny caxboxybc aad is a member elected from cleaning solution consists of bvioxve«T^n^H^^ ~f 

Jl-^S^an^composit^ of e*mn 2. wberein 30 .T^cS^S, £ 

S^^?" " te f d <^ ^eonpeowfatingof, between tauZtfU ' SSS^SE*? 

sod^lac^.pc^assnimlacute, sodium 14. Tbt aqueoos cleaning comp^fcn Tof £t«T 

^.t^S: 80 ^ P^«^«TscSum wherein the rXfamo^l,^^^ sotno^ & 

*«??™!™°> »*- Neonate, potassium m the range of taw»*0M ^i«d^bo«S^ * 
^^^l? I t U,lti0OS ,bero0f - „ 15. Ibe aqneous cleaning oon^SSTof^im 14. 

^£1^"? f^Po^ °f claim 2, wherein we pH of the solution faStonm» oTbrfweW 

Sari salt is selected from the group consisting of, tctram- about 12.0 end about 12.4 ™ ™«e « Between 

elhylaminoomm lactate (TMA-lactale), TMA-aspartate, M. Ibe aqueous cleaning comoositlon of 1 
TMA-^ TMA^arfrate, IMA^nate and 2S£ ^ ^^£^ ^^^^^Thoui 

«^^^t^!!i' 1 Z nhv l nnTnf0uitiuu Of daim 2, wherein 1». The aqneons cleaning imposition of claim ltS 
sard salt .s denved from the ocutralbation reaction of said wherein at lea^t one snrfactant is pieSrnbet^. 
h^roxycarboTylic acid with tetraethylammoninm and about 03 wt % S ° IWtant presem ^ 0 02 



and mixtures thereof. 
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ABSTRACT 



Ita ; invention relates to the cleaning of object* thai rclale to 
^emic^ctor priutiog. such as, for example, screening 
^^f^u^^ UIVCI ^ 1 .^ D B basically directed to rcmoving^for 
example, an organic polymer-metal composite pastefiom 
screening masks used in printing conductive metal patterns 
to^^i^ ** fabrication ofsemiconduc- 

tor packaging substrates. More particularly, this invention is 
concerned with the automated in-line cleaning of paste 
screeoing masks with an aqueous alkaline solution of a 
quaternary ammonium hydroxide as a more environmentally 
trondly alternative to non-aqueous organic solvents-based 

tTZl^^ *™*»* to the production multi- 
layer ceramic (MLC) substrates. 



26 
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AQUEOUS QUATERNARY AMMONIUM gold, nickel, tin, to name a few Because of the variety and 

HYDROXIDE AS A SCREENING MASK complex chemical make-up of polymer-metal pastes, it is 

CLEANER required that (be mask cleaning medium and process 

FIELD OF The iNVFNTTfJN selected be such that it provides complete and efficient 

FIELD OF THE INVENTION 5 cleaning of all types of pastes from screening masks and 

This invention relates to cleaning of objects that relate to Associated equipment, 

semiconductor printing, such as, for example, screening fa automated processes for high volume production of 

masks. This invention is basically directed to removing, for multilayer ceramie substrates, it is also necessary that the 

example, an organic polymer-metal composite paste from speed of mask cleaning be compatible with the cycle time 

screening masks used in printing conductive metal pattern 10 pre-set by the thmput requirement and other dependent 

onto ceramic green sheet in the fabrication of semiconductor operations. 

packaging substrates. More particularly, Oris invention is Recently, several water-based cleaners have become com- 
concerned with automated in-line cleaning of paste screen- mcrcially available and many aqueous detergent compost- 
ing masks with aqueous alkaline solution of a quaternary uoos have been described for deamng/degreasing purposes, 
ammonium hydroxide as an environmentally friendly alter- 15 Cor example, printed circuit board assemblies and other pans 
native to non-aqueous organic solvents based cleaning in in device fabrication to remove soldering flux, oil/crease, 
screening operations for the production multilayer ceramic and other organic residues invariably formed during bonding 
(MLC) substrates. and assembly processes m microelectronics. These arc gen- 

BACKGROund OF THF TNVFNTrnv ~ cnU y based 00 * combination of surfactants in water and/or 

BACKGROUND OF THE INVENTION 20 alkaline detergent compositions comprising alkali metal 

In the fabrication of multilayer ceramic substrates for salts, such as, sodium metasilicate, sodium carbonate, triba- 
packaging semiconductor devices, conductive metal pat* sic sodium phosphate, sodium tripolypbo&phatc, and com'- . 
terns are screened on individual ceramic green sheets by bmanons thereof, as well as highly alkaline solutions based 
printing, such as, extrusion printing, using mask, such as, a on alkali metal salts, alkali metal hydroxides, and mixtures 
metal mask, placed in contact with the green sheet. The 25 thereof with alkaoolamines. Aqueous cleaner formulations 
screen printing method involves squccging paste onto die comprising this category of alkaline detergents a^e described 
green sheet surface using a mesh mask or an emulsion mask. in US- Pat No. 5,234,506 (Winston) and U.S. PaL No. 
After screening, the green sheets are assembled and aligned. 5,264,047 (Winston) for removing soldering flux, wax, and 
and laminated followed by a sintering operation to form a grease from printed circuit boards. 

multilayer ceramic substrate. Fabrication techniques for 30 One of the major considerations with aqueous cleaning is 
such substrates, including design, screening equipment, and wastewater management for compliance with the Clean 
paste screening process are well known in the art Water Act regulations, which requires that all possible 

However, advance ground rule electronic packaging sources of aquatic impact and other environmentally undc- 
requires printing closely spaced conductive metal pattern on sirabfe constituents be removed from the effluent before 
a substrate, and using a screening mask that has highly dense discharge to surface waters. This requires special and costly 
fine dimension etched features. It has been observed that wastewater treatments, such as, precipitation with complex- 
such screening masks have the problem of paste residue ing agents to form sludge that carries active ingredients of 
entrapment in the mask features in addition to a surface cleaning compositions, metals, and other dissolved 
residue when the paste is screened to deposit conductive ^ constituents, and which results in solids loading to the waste, 
pattern onto the green sheets. This requires that the metal lb minimize waste and reduce cost with conservation of 
mask be cleaned after one or more screening passes to water in aqueous cleaning, there is currently significant 
ehminate/mrmmize the possibility of defects in subse- . industry direction toward envuxmmcntalry suitable zero 
quently screened pattern. Any defects in the screened paste waste processes by devising a methodology for reclamation, 
pattern replicates into the final product causing yield losses. ^ recycling, reuse, etc. 

On the other hand, mesh masks can be used for multiple VS. patent application Ser. No. 09/096,840, filed on Jun. 
screening passes, typically 100-200 green sheets may be 12, 1998, entitled "REMOVAL OF SCREENING PASTE 
screened using the same mesh mask before it requires RESIDUE WITH QUATERNARY AMMONIUM 
cleaning and therefore, the cleaning frequency for a mesh HYDROXIDE-BASED AQUEOUS CLEANING 
mark is relatively low in comparison to a metal mask. ^ COMPOSITIONS", assigned to the assignee of the instant 
Conductive pastes used in screening processes for the patent application, and the disclosure of which is ioeorpo- 
delineation Of wiring, vias, I/O (input-output) pads, and rated herein by reference, discloses the use of quaternary 
other pattern features comprise metal particles with or ammonium hydroxide-based aqueous cleaning composi- 
witbout added inorganic particulate fillers. These constftn- lions as a more environmentally friendly medium for remov- 
ents are mixed with an organic binder and solvent vehicle 35 ing screening paste residue, 
along with wetting agents, dispersants/surfactants, 

plasttcizers, and other additives such as thickeciug agents, PURPOSES AND SUMMARY OF THE 

antioxidants, and coloring agents which are well known in INVENTION 

the fabrication of electronic components. The invention is a novel method of cleaning paste from 

Most commonly used conductive pastes in multilayer 60 screening masks using at least one aqueous quaternary 
ceramic fabrication are based on molybdenum or tungsten ammonium hydroxide as a cleaner, 
metal pewders dispersed in an organic polymer binder, such Therefore, it is a purpose of this invention to provide a 
as, for example, ethyl cellulose, porymethylmethacrylate, water-based cleaning method for cleaning paste residue 
and the like, or polyhydrocaibon based Ibermoplasbc resins from screening masks used in the manufacturing of multi- 
in a high boiling solvent vehicle. & layer ceramic substrates. 

Other conductive pastes that can be used for screening Another purpose of this invention ts to provide an aquc- 
proccsses in multilayer ceramics could comprise copper, ous cleaning method for automated in-line cleaning of 
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sawnlng masfcsin multi-layer ceramic mauufactaring in FIG. 3, illustrates a process flow chart for yet another 
bigb volume production. embodiment of this invention where the TMAH used for 

Yet another purpose of tins invention is to provide aquc- cleaning a screening mask is reclaimed and reused, 

^t^^^^^J^J^ 5 ™ * ff-- .^-s^^^ another 

nium hydrt«S to eliminate volatile cmisK^bS "bodimcrt of tins invention where the TMAH and the 

OUS wastes associated with non-aqueous solvent based \ , for ckanu * a screening mask is reused or 

cleaning processes. recycled. 

S ?L y ? ano ^ ^ ^nwse of this invention is to provide DETAILED DESCRIPTION OF THE 

method for in-line mask cleaning with aqueous alkaline ld INVENTION 
solution comprising a quaternary ammonium hydroxide as a 

single active ingredient which can be recovered and This iuvention is basically concerned with a method of 
recycled. removing screening paste residue from screening masks and 
Still another purpose of this invention is to provide ancillary equipment used in screening conductive paste 
aqueous alternative to organic solvents in mask cleaning by patterns on ceramic green sheet in the manufacture of 
using an aqueous alkaline solution containing tetramctbyl 15 multilayer ceramic substrates. This invention is particularly 
ammonium hydroxide that is effective in removing polar, concerned with removing polymer-metal composite paste 
non-polar, or bydrophilic and hydrophobic paste residue residue from screening masks in high throughput multi-layer 
from metal and polymer surfaces. ceramic production using an aqueous solution of a metal- 
It is also a purpose of this invention to provide an aqueous ion-free organic base, specifically tetramethyl ammonium 
cleaning method for screening masks which does not require 20 hydroxide (TMAH) and related organic quaternary ammo- 
special wastewater treatment. nium hydroxides to provide a more environmentally friendly 
Yet another purpose of this invention is to provide an alternative to non-aqueous organic solvents cleaning pro- 
aqueous cleaning method for paste screening masks which cesses. 

provides an option for metals recovery from the effluent and Unless specified otherwise, the percentages given are in 

mimmttes waste in multilayer ceramic production. 23 vol % (volume percent) and in wt % (weight percent). 

Stai another purpose of this invention is to provide an Tbe aqueous cleaning method according to this invention 

aqueous cleaning method using quaternary ammonium is environmentally friendly, and provides an option for the 

hydroxide containing compositions which are compatible recovery of precious metals from the solid waste in the 

wim metal masks, emuteion masks, polymer adbesives used effluent. Aqueous cleaning with tetramctbyl ammonium 

in mask assembly, and all contacting materials in cleaning hydroxide according to this invention provides unique 

tools associated with paste making equipment, advantages of compatibility with recovery and recycling or 

StuT yet another purpose of this invention is to provide a the TMAH (tetramethyl ammonium hydroxide) and other 

cleaning method with an aqueous alkaline solution which is quaternary ammonium hydroxides, reclamation of metals, 

tree of foaming problems when used under high pressure 3J and not requiring use of any surfactants or other additives, 

spray conditions. or alkali-metal silicates and/or phosphates. 

Therefore, in one aspect this invention comprises an The manufacturing of semiconducior packagmg products, 

aqueous cleaning method for cleaning paste residue from at such as multilayer ceramic substrates, typically employs the 

least one screening object comprising the use of at least one technique of conductive pattern screening on a ceramic 
aqueous alkaline solution containing at least one quaternary 40 green sheet through a stencil mask using a variety of 

ammomum hydroxide. polymer-metal composite pastes to delineate conductive 

In another aspect mis invention comprises a cleaning partem for the desired circuitry. In this process, some paste 

apparatus comprising: residue is left behind on the surface and inside the fine 

(a) at least one means for pressurized spray cleaning of it etched features of the mask. The residue entrapped in the 
least one screening object carrying screening paste 45 features and on the surface of tbe mask must be 
residue with at least One solution; and removed if the mask is to be reused for paste screening. 

(b) wherein said at least one .solution comprises at least Using automated screening and mask cleaning processes, 
cue aqueous alkaline composition having at feast one mas3c <fr*mng may be done after one or more screening 
quaternary ammonium hydroxide. passes depending on whether the paste is fast drying or slow 

BRIEF DESCRIPTION OF THE DRAWINGS 50 ^f.l^^ T**™* 

detects m subsequently screened conductive patterns. P&r- 

The features of the invention believed to be novel and the ticuEar combinations of polar andfar non-polar polymer 

elements characteristic of the invention are set forthwith binders and solvent vehicle systems, which arc selected for 
particularity in the appended claims. The drawings are for dispersing metal powders, determines the solubility and 

illustration purposes only and arc not drawn to scale, 55 wettability characteristics of tbe resulting paste, which may 

Furthermore, hire numbers represent like features in the range from hydrophfflc 10 highly hydrophobic, and which 

drawings. The invention itself, however, both as to organi- may be fast drying or slow drying, 

ration and method of operation, may best be understood by Selection of conductive screening pastes that are based on 

reference to the detailed description which follows taken in a variety of polymer binder-solvent vehicle systems is 

conjunction with the accompanying drawings in which: w dictated by several considerations, viz, the requirement for 

FIG. 1, illustrates a process flow chart for an embodiment a particular circuit pattern, drying characteristics of the 

of this invention using an aqueous tetramethyl ammonium paste, tbe shrinkage match of the paste with that of the 

hydroxide (TMAH) for cleaning a screening mask. ceramic, and tbe overall compatibility of the paste with the 

FIG. 2, illustrates a process flow chart for another green sheet materials for the necessary wettability and 

embodiment of this invention where tbe effluent from the 65 adhesion. 

aqueous TMAH used for cleaning a screening mask is Screening masks are typically made of meiat, such as, 

rcused. etched Mo masks, electrofbrm masks and emulsion masks 
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for $ak screening, such as, for example, a stainless Sec! thermoplastic resins which are all hydrophobic, or the binder 
mesh with at least one photoresist coating of a suitable can be hydrophilic such as bydroxyethyl celhilose, bydrox- 
cmukion such as a pofyacrytiopcayestcr based emulsion ypropyl cellulose, bydroxymethyl cellulose, and the like, 

Wa A UD ^ . . . . . . _ „ , The preferred high boiling solvent, vehicles having a low 

As staled earlier, m the high volume r^xJuctoo of mul- 5 cvaporatioD nue in paste dispersions include ester-alcohol or 
tifayer cwannc substrates, an in-line screening and mask glycol ether type solvents such as «.^trimethylpemaoc 
c^iog method using or^ so^ $pray is diol, 1A monoisobutyratc (Texanol). dicthylcne glycol 

escribed in US. Pat No. 4.4S3.040 (Magee), the disclosure monomeihylether acetate, methylene glycol monobuty l«her 
of which is u)ooxporated herein by reference. acetaie or butyl carbitol acetate (BCA), and the like. 

Toe present invention provides a cleaning method for 10 Generally, the solid component in screen able pastes corn- 
mask cleaning with aqueous quaternary ammonium bydiox- prises 60 to 85 percent (wt. %) metal constituent, 1 to 5 
idc solution, specifically tctramcthyl ammonium hydroxide percent of organic polymer binder and other organic and 
(TMAH) and related Quaternary ammonium hydroxides as inorganic additives, and the balance constituting the solvent 
an environmentally friendly alternative to non-aqueous vehicle system. 

«ganic sorvents for the e^rve cOcaning of polymer-meUl 35 Depending on a particular binder-solvent vehicle system 
composite paste residue in multilayer ceramic manufactur- ^ ITd^aste jformrdation, the paste do bT p3a7 PC 

non-polar, hydropmlic or oleophilic, have difierences in 
Aoueous tetramctbyl ammonium hydroxide (TMAH) is affinity and adhesive characteristic* for the mask surface, in 
widely used in the semiconductor industry as a metal-ion- addition 10 having differences in the drying rale 

tions conuimng TMAH for the removal of baked photoresist „ "* ten on screening masks, m the process of cc^uctivc 
residues, and for cleaning semiconductor wafers and wafer .J"**™ screcmn 8 on green sheet, is readily removed by 
carriers nave been known. For example, VS. Pat. No. pKSsnK . ***** ^f?' A ^»»^<rftetramethyl 
5,407,788 (Fang) describes the use of TMAH in non- 25 ******* Mraxtde (TMAH) ancVbr related quaternary 
aqtieous solvent for stripping cured negative resist patterns; ^*o^l**™^ It was also found that pessurc spray 
US. PaL No. 53*^9 feuraoJca) Caches «te tEtf ^^^^^^ *^£2?£ 
quaternary ammonium hydroxtfc solutions for cleaning rexmclioo in cycle tune. Il was further found mat 
plastic molded items used in chemical analysis ar* wafer C £"!2W * *"?*tt7 <£****™AH 
carriers to rer*™ impurities ^ 30 required a reduced concentrate of TWAH and also pro- 
oils; US. Pat. No. 5,466389 fllardi); and US. Pat. No. ^ r * dvc ^' In ^^^^ ^ous 
4,964,919 (Payne) are concerned with cleaning sthcoo ^ cssun ^^^y mcl J 0 5 J » tourf thai the 
wafers using cleaning cottons u 8-10 pTc^nprising <D ^fTe PH , "^J^*^*™™* be at least 
c^aternarylmn^m related or^an^a*^ \*2^J ^ ! 118 
aWh metal hydroxides m^rnation wim^tonWand 35 to * cfectrve m the complete removal of the paste 
buffering agents, such as, acetic acid, ammonium chloride, K masks - 

and ammonium acetate, for adjusting pH to less than 10; Id One embodiment of this invention, Mo metal masks 

VS. Pat No. 4,592^856 (Kobayashi) discloses the removal carrying conductive paste residue from a screening pass are 

of ouVgreasc and resmous contaminants from the surface of sp^y cleaned with an aqueous TMAH [(CH 1 ) 4 N*OH~] 

plastic articles and molding equipment for eye glass lenses solution comprising less than 1.0 wt. % TMAH dissolved in 

and optical instruments using detergent compositions com- water, for about 30 to about 45 sec by using a hand-held 

prising TMAH or 2-hydroxy ethyl trimeihyi ammonium s P n Y *0?zle or with a multi-nozzle spray at between about 

hydroxide (Choline) in chlorinated solvents as 50 and about 70 psa and between about 130° F. to about 150° 

perchloroetfaylene, 1, 1,1 -trichloroe thane, methylene R solution temperature. 

chloride, an ionic/non-ionic surfactant and methyl alcohol. 45 Subsequent to washing with TMAH, the screened masks 
As stated earlier, the primary purpose of the present are immediately rinsed with water and dried, preferably with 
invention is to employ art aqueous-based cleaning altcraa- forced hot air or nitrogen. In another embodiment of this 
rive to organic solvents in automated mask cleaning to invention, masks can be cleaned in less than about 15 sec to 
remove conductive screening paste residue. These pastes are ^ about 20 sec with less than about 1 wt % TMAH [(CHJ 4 
used for defining via and wiring metallurgy patterns on N*OH~] in water* using a high pressure spray wash cmploy- 
ceramic green sheets and arc comprised of a metal ing a specially designed multi-nozzle system at between 
constituent, such as, molytxknnm, copper, tungsten, nickel, about 150 and about 200 psi and between about 130* R and 
gold, palladium, platinum and silver, some of which may about 180° R in an automated in-line paste screening and 
also contain inorganic fillers, such as, glass, ceramic powder, ^ mask cleaning machine, such as, described in U.S. Pat. No. 
or glass frit, dispersed in an organic polymer binder and a 4,483,040, and/or US. patent application Ser. No. 09/021, 
high boiling organic solvent vehicle along with other nec- 046, (Casey) filed on Feb. 9, 1998, entitled "OPTIMIZED 
essary additives which include surfactants/dispersants, col- IN-LINE MASK CLEANING SYSTEM", the disclosure of 
oring agents, thickening agents or viscosity modifiers, and which axe incorporated herein by reference. High pressure 
antioxidants etc. ^ spray wash under these conditions is especially preferred for 
The invention may also be used to clean masks and automated screening and mask cleaning operations for the 
screens which are used in the application of solder pastes to high volume production of multilayer ceramic substrates, 
various microelectronics components. The clearing tool employs a specially designed multi- 
Representative polymer binder systems in conductive nozzle spray head having lop to bottom angled sets of 
paste formulations for multilayer ceramics include: cellulo- 65 nozzles that direct the spray on both sides of the mask 
sic polymers, such as, ethylceUulose, aery late polymers, simultaneously while sweeping across the mask in a pn>set 
such as, polyinemylrnetbaciylate, pcJyhydrocarbon based time cycle. With this type of in-line mask cleaning machine. 
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^TJJy^J . ^ 20 500 fonowcd bv * pressure can be done either manually or auiomatcShT^ 
^ynfisewfth water at between about 60 and about 70 psi 5 a single or a nraH^-oozzIe ck^^^^'.^T^l 
m the same chamber or in a separate chamber and then of Z screening part*. X^^S, p^^^ 
drying with an a* *nfc or blow drying with nitrogen. * preferred that £e cleaned parish l^l^ZrJ 
JlZT^ t ^ 0*1 to&pKxaxc spray cleaning at then dried to remove any surface water or moisture. The 
between about 170 and about 190 psi with a heated aqueous the cleaning process of step 11, * collected and 

^^^^^ ro ^ trati °^ f tow <*°ut 03 wt " ^tered »t step 12. Al step U the filtered effluent from step 
ajso provides effective cleaning of various types of paste U - ^nich contains dissolved, soluble TMAH, paste oreanics 
rcswues accompanied by longer wash times, followed by the aod any dissolved metals, etc is collected Atstenllonc 
usual water spray rinse and hot air or nitrogen drying. would remove the TMAH, from the filtered effluent of step 

Spray deanmg with anucous TMAH as disclosed herein ^ dissolved metals and organks hi the TMAH^rec 

effectively and efficiently removes aD types of paste residues 15 ««wnt after step 14, could be removed at step 15 Jcavin* 
that may include polar, non-polar, byd^hilic, and hydro- wastewater which would be discharged at step 16. It is 
phobic types of pastes from stencil masks, typically Mo prefix UiatatstepUthcsc^ 

metal, clectrofonn masks, and emulsion masks. and that the metals if any are reclaimed at step 18. Basically! 

letramemyi ammonium hydroxide (TMAH) is the pre- * C emw=ai generated in the pressure spray wash with 
fened organic base fix mask cleaning applications according 20 * qucous TMAH at step 11, is filtered at steps 12, using a 
to this invention but other related commonly known aaT- co * rec fflter » !o wmovc which include insoluble 

ternary ammonium hydroxides that may also be used are- "panics, collected at step 17, and the filtered 

tetraethyl ammonium hydroxide, ictrabutyl ammonium" cfflucm b colJcc<cd * step 13, which is followed by the 
Hrttttde* trimethyl-^-hydroxycthyl amnjomnm hydroxide of TMAH from the filtrate at step 14, for example 

(CnohneX lricthyl-2-hydroxy ethyl ammonium hydroxide, 25 by xo °^ xcnaa « c "aa- After the TMAH is removed at steo 
etbyltnmethyl ammoamm hydroxide, and the like. ** wastewater can be further treated to remove any 

The aqueous alkaline cleaning solution comprising qua- dissoiv , ed organics and soluble metals at step 15, for 
ternary ammonium hydroxides may optionally contain one e " tnpIe ' P^^S through adsmbing media, activated 
or more corrosion inhibitor. charcoal, or lime treatment, following which wastewater can 

According to i preferred embodiment of this invention, a 30 ^^,f y di ^^« 1 « ^vsed at step 16. H is preferred that 
pressurized spray wash at between about 50 to about 200 nsi - s°Ms at step 17, arc processed to reclaim 

with a heated aqueous solution of tetnunetfay] ammonium ^^ff™^ * * step I*. As soowd in FIG. U the 
hydroxide (TMAH) Containing between about 0 J and about Z™ 5 " , tBaeat f" ta k" 1 ** subjected to a process 
2.0 wt % TMAH based on (CHJjrOH" provided a htaMv 5 removing, TMAH, any dissolved metal, and 

effective cleaning of masks. 35 0I X amcs > and to provide contaminant-frcc wastewater which 

However, a high pressure spray at between about 100 psi "nr discbu &* w 

aod about 180 psi with a heated solution was preferred for J^l' ^f.i^ * if** 88 ** 
the automated cleaning of stencil masks to remov* conduo- ^"^*mcnt of this invention where the effluent from the 

?yiE^^"-^"^^^^*wl<I Provide a „ ^^,,7^ & ' < *f niB * * mask is 

highly efficient process suitable for high vilume production * 5^. !L tost lgaln ■>■*•• discharge. The 
environment ^ fihered effluent after step 11. at Sep 22, would be collected 

The overall cleaning process involves a 'J 0 " 1 ? •* objected to microfiltratioo at step 23, and 

<*« with tKpteo^l^cbT^a^ffl £2* T X* tfter adjUStnlenl Of the TMAH concen- 
by a water spray rinse, and air or ntaog^«™E , ".2^3 to mate up for the dilution caused by 

.0 provide clean masks ready faW^'EKS 45 ~" M *>> « - P*fc™d th« 

and cleaning cycle. The volume of cleaning solution ind TMAH sohinon «s healed close to the same 

water rinse per cycle per mask in SHSLSlZ •™^«^ « 0» onginaJ TMAH solution used in step 10, 
dependsonthetypeof spray nozzle*, the Way time andihe u ^5 WlU ' once - tocd »t stepll. The 

spray prepare. fTaccclerate thTd^iS of mXiffeT the « ^'^ afte "««««fi^^«^24 > to S cpara W 
water rinse cycle, the masks may belpray rinsed w[th a 50 S,^."" to , KcUaa meuk ™ «cp 18, 

lower boiling solvent as isopropyl a^bcTo^ampVex^ed ^*^J a ^ e ^»«*«^««««ep25.Atstep 26. 
•o its vapor and then afe^uigen^ S Tn?S °5 ^ ""^ 1MAM •«» orgiics. 

time for cleaning can be fnrtherreduced by increasU «he wastewaier would be dbchaiged at step 16. II ^ 

TMAH concenSion, but this is n^Sn^^ , hS . ^ ^ ^ reC0VWed fllBIBd effluem 23. is 

pH concern, increased cost of cte^^^Si remote * ""V* ^ dc £ rarf -S «^ct on the 

fmm the effluent before waste waterdfccha^ ^t^^^T 3 disSt>IVtd ^ 

The effluent from the cleaniag proc^de^ribed herein i^T^^^fT" ^ * 001 cri ' i ' al 0x0 

contains soluble and insoluble p^consSu^an/m^of Sultmfc^u^f h "^3 *f "V nsed a 
the original dissolved TMAH It b*tx^Z~t£ T, £ . ,q> . k manber ^ ta « s - This mode of practicing the 
me,aTSc?nxSmc^^ 40 !^™° P^Wes a number of benefits, suet as?reZtion 

which canTSy rem^^K S TfiltS ™' consumption, reduced material coa, 

effluent after solids removal contains TMAH and dissolved nr. « ,n„-„... 

organtcs of the paste residue removed from the masks ^kSw , !f.v.- ,* p,OCeSS ^w chan for yet another 
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recovered TMAH is recycled back into step 10, for mask ated disposal issues of landfill limitation, disposal cost, and 
cleaning. However, it is preferred that the concern ration of if there is any heavy metal contamination, it becomes a 
the recovered TMAH i$ adjusted at step 37, to make up the hazardous waste ttquiriog a higher cost of waste disposal, 
cleaning solution in step 10. The wastewater in this case may 

contain any of the remaining dissolved organks and/or 5 EXAMPLES 
soluble metals which can be removed by standard methods 

in step 35, for example, by passing through adsorbing media Various aspects of the present invention are further iflus- 
all owing the safe discharge of contaminant-fir ee water in trated by referring to the following examples which are 
step 16. intended only to further illustrate the invention and are not 

Basically, as illustrated in FIG. 3. the filtrate after rexoov- 1Q intended to limit the scope of the invention in. any manner, 
ing all solids from the effluent in step 22. b subjected to a 

process for recovery of TMAH in step 34. Tms TMAH Example 1 

recovery could be done, for example, by passing the TMAH Molybdenum metal masks having fine pitch etched fea- 
soluiion through an ioo exchange column to trap the TMAH mres for via and wiring metallurgical patterns, and for I/O 
followed by an chuion step and the recovery of TMAH, and J3 pads, suitable for multi-layer ceramic substrates were used 
regeneration of the column for a repeat recovery cycle. Ion for screening conductive pastes onto ceramic green sheets 
exchange methoos for tlx removal and recovery of quater^ with a paste screening tool. Various conductive pastes used 
nary ammonium hytox^ are weUknown in the art, see for screening in ceramic technology generally comprise of a 
for example, US. -Pat. No. 5,545,309 (Sbinnzu), winch is mt9i J>ow6cr ^ ^ predommaln^mpoiiem 
oonce^^wiA the processing of quaternary amtnoninm ^ binder-solvent vehicle matrix. Representative pastes 
hydrox^^aimng hquid waste and he describes a cation screened onto green sheets using the metal masks contained 
exchangeme^m^njuuetion with eleamlysis to remove between about 60 to about 85 percent metal powder, typi- 
^ P ^ y ™^5 from **« dCvc, °P cr cally Molybdenum, Copper, Tungsten, and Nickel, in cth- 

^^J* ^ yleclhilose type polymer binders, and high boiling polar 

involves a TMAH absorbing step and an elating step fol^ ^ solvents, for example, 2^,4-trimetbylrxmane diol X3- 
J*i ^K^^rL** ^/ST* " monoisobutyratc, or (Methylene glycol aOcykther acetate in 

solutfen of TMAH. The reclaimed TMAH may be recycled conjunction with fairy acid ester based surfactant, thickening 
which reduces material cost and ehmmato waste. Removal agents, and other additives like antioxidants, coloring 
of the metals and the TMAH from the effluent, reclamation agents, corrosion inhibitors, etc 
and recycling especially of TMAH according to the mask ™ A i * , ' . 

cleam^ue^icdo^^ 30 ™ K ™£^^™.^^ oa 

off«sTmajor benefit in terms of minimLniWc, lower- ™ ?°» 

ing costs, and the safe discharge oTScr. In addition V^^^^J^^Z^^ 
to TMAH recovery and recycLg, the wastewater may be JjjjE™ combination with a hydrocarbon oil as the solvent 
subjected to additional purification and also recycled in the 35 

cleaning process, thus providing a close-loop system, as Somt of P 35 *^ tcslcd » »* addition to carrying metal 
mote clearly discussed in FIG. 4. This mode of practicing P™dc r we »*jor component also contained inorganic 
the invention has the benefit of further reducing waste and fiUe< * **• 8 ,ass ' ceramic, Al 2 0 3 —Si0 2 glass-frit. After 
rechtcing material and process cost. " the paste screening operation, the masks carrying the paste 

RG. 4, illustrates a process flow chart for still another „ g ' ^ «* ^ «cfaed fealura were 

embodiment of mis invention where the TMAH and the 4****™™ ammcmnm hydroxide 

water used for cleaning a screening mask is reused. This ( ™ A ^. ^Hon as described in the following sub- 
embodiment of the invention essentially provides a close- em P»-' 

loop mask cleaning method. According to this mode, both 00 Pressurized spray cleaning of paste residue on Mo 
the TMAH at step 34, which is thr active ingredient in 45 masks using a single nozzk manual spray technique: 
cleaning, and water at step 46, are recovered and reused. The An aqueous tetramethyl ammonium hydroxide (TMAH) 
rest of the material recovery process is the same as discussed solution having about 1 wt % based on (CR^JN^MT) was 
earlier. prepared by diluting about 150 ml of about 25 wt fl> TMAH 

The wastewater after removal of the TMAH in the present concenttAte Jo about 1 gallon by adding ck^ooized water. The 
invention may contain residual dissolved organics from the 50 solution was heated to between about 130 to about 150° F. 
washed-ofT paste, for example, ccllukxac polymer, fatly add **d manually sprayed on to masks Carrying paste residue at 
esters, sarcosinate type dispersants, which are generally between about 50 to about 70 psi pressure with a single 
biodegradable. nozzle for between about 35 to about 45 seconds which 

The mask cleaning method using aqueous TMAH without removed paste residue from all areas of the masks. Imme- 
additives also has several advantages over the multi- 55 dtaelv after TMAH spray clean, the masks were spray 
component aqueous »UmiiW solutions of the prior art com- nosed with water, preferably dc ionized water; for between 
prising a&ati metal silicates, phosphates, and surfactants. abo111 20 *° a** 0 ** 30 seconds and dried by blowing nitrogen 
Specifically, such ingredients in the commonly known ague- 01 Microscope inspection of the cleaned masks 

ous detergent compositions have environmental issues, showed no evidence of paste residue in any area of the 
require costly, waste-generating sludge forming wastewater 60 masks - 

treatment, and are cot compatible with recovery from the (h) Mask cleaning with aqueous TMAH according to the 
effluent. These methods require the use of coagulants and process of Example 1, but using less than 1 wt % TMAH: 
flocculants, typically lime precipitation as Alum and iron Masks carrying screening paste residue were cleaned with 
salts, or PACls (polyalummum chloride), organic poly. an aqueous tetramethyl ammonium hydroxide (TMAH) 
electrolytes etc, to precipitate silicates, phosphates, and 65 solution having about 0.6 wt % based on (CHaXJ^OH") 
other suspended matter from wastewater which adds solids prepared by diluting about 370 ml of about 25 wt % TMAH 
to the waste. The 'sludge' or precipitated solids has associ- concentrate, to about 4 gallons with deionized water. The 
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solid ion was heated to between about 150 to about 160° R, 
and manually sprayed on to masks carrying paste residue, at 
between about 50 to about 70 psi pressure, for between 
about 40 to about 50 seconds, followed by a water rinse 
using spray at between about 30 and about 40 psi for about 
30 seconds, and drying by Mowing hot air. Microscopic 
inspection of the cleaned masks snowed no evidence of 
paste residue in any area of the masks. 

Example 2 

Automated high pressure spray cleaning of screening 
masks with aqueous tetrametbyl ammonium hydroxide 
(TMAH): 

About a 03 percent solution (wt % based on total solution 
volume) of TMAH was prepared by diluting one gallon of 
about 25 wt % aqueous (CH^N^OH") concentrate with 
deiomzftd water to form about SO gallon of aqueous TMAH 
cleaning solution. The solution was predicated to between 
about 130* F- to about 150° F. with constant agitation in a 
heated reservoir with delivery pipes connected to the clean- 
ing tool. Freshly screened Mo metal masks having paste 3, 
residue from screening of Mo paste were transported to the 
cleaning chamber a few minutes after the screening pass, 
and subjected to a high pressure spray wash at about 150 to 
about 170 psi with the heated TMAH solution, using 
between about 12 to about 20 second automated wash cycle, 
followed by a water rinse cycle, and a hot air blow dry. 25 
Microscopic inspection of the cleaned masks showed com- 
plete removal of residue from all areas of the mask. 

This was done for aD paste types. Lc« polar type pastes 
comprising cu^lccllulosc<thyleneglycol alkylether acetate 
or estcfwalcoho! as the buxJcr-sorvcm vehicle system, and the 30 
non-polar paste residue comprising hydrocarbon resin 
binder with non-polar oil as sofvent vehicle. 

Electroform masks having residue from screening of Ox, 
Mo and W pastes, when subjected to a similar cleaning 
procedure, showed complete removal of residue from all 
areas of the mask. 

The following experimental results are representative of 
the cleaning effectiveness as a function of TMAH 
concentration, spray conditions, and wash cycle for a variety 



About 40 gallons of TMAH cleaning solution comprising 
about 0.5 wt. % of TMAH, was prepared by diluting about 
one gallon of about 25 wt % aqueous TMAH concentrate 
with about 49 gallons of rjeiomzed water. The solution was 
pre-heated to between about 160 to about 170* F. with 
constant agitation, in a reservoir with delivery pipes con- 
nected to the cleaning tool- Masks carrying screening paste 
residue were spray cleaned, water rinsed and dried according 
to the conditions described in Example 1. The wash and 
rinse from each mask was combined and. filtered first 
through a 5-10 micron coarse filter to remove separated 
metal and inorganic solids, followed by mkrofillration using 
about 0.2 micron cartridge filter. The filtered effluent was 
reconstituted to the original concentration of about 0.5 wt % 
TMAH by adding additional volume of the 25 wt% TMAH 
concentrate to make up for the dilution caused when the 
rinse water Is combined with the wash, pre-heated and 
reused for cleaning another set of masks. Microscopic 
inspection of the cleaned masks showed no difference in the 
cleaning performance of the reconstituted effluent when 
compared with the masks cleaned according to Examples 1 
and 2. 

While the present invention has been particularly 
described, in conjunction with specific preferred 
embodiments, it is evident that many alternatives, modifi- 
cations and variations will be apparent to those skilled in the 
art in light of the foregoing description. It is therefore 
contemplated that the appended claims will embrace any 
such alternatives, modifications and variations as falhng 
within the true scope and spirit of the present invention. 
What is claimed ist 

1. An aqueous cleaning method for cleaning paste residue 
from at least one screening object comprising the use of an 
aqueous quaternary ammonium hydroxide alkaline solution 
consisting essentially of at least about 03% by weight and 
at most 2% by wtagbt a member of the group consisting of 
quaternary ammonia hydroxides and mixtures thereof. 

2. The method of claim 1, wherein said at least one 
quaternary ammonium hydroxide is selected from the group 
consisting of tetrametbyl ammonium hydroxide, tetraethyl 

of pastes using' an automated in-line screening and mask 40 amowraum hydroxide, 2-hydroxyethyl trimethyi ammo- 



nium hydroxide (Choline), ethyltrimethyl ammonium 
hydroxide, tetrabutyl ammonium hydroxide, and mixtures 



cleaning tool described in U.S. Pat No. 4,483,040 (Magee) 
and U S patent application Sen No. 09/021,046, (Casey), 
filed on Feb. 9, 1998, entitled OPTIMIZED IN-LINE 

MASK CLEANING SYSTEM", the disclosures of which 3. The method of claim 1, wherein said at least one 
arc incorporated herein by reference; 45 aqueous flflf*1»W solution containing at least one quaternary 

ammonium hydroxide further comprises 2-bydroxyethyl tri- 
methyi ammoorum hydroxide. 

4. The method of claim L wherein said screening object 
is selected from the group consisting of a metal mask* an 

so etedroform mask, or an emulsion mask on a metal mesh. 

5. The method of claim L, wherein said paste residue 
comprises a metal and/or inorganic constituent with a poly- 
meric binder, a solvent vehicle and a wrfactant/dispcrsant, a 
thickening agent, and optionally at least one antioxidant, 

55 and/or at least one corrosion inhib itor. 

6. The method of claim 1, wherein said at least one 
aqueous alkaline solution comprises aqueous tetnunethyl 
ammonium hydroxide (TMAH). 

7. The method of claim 6, wherein said aqueous TMAH 
60 solution comprises TMAH as an active ingredient based 0a 

(CH-^N^OH" in water at a concentration in the range of 
between about 0.3 wt % to about 2.0 wt %. 
& The method of claim 7, wherein said aqueous TMAH 
Example 3 solution is used for cleaning according to a method com- 

Automated high pressure spray cleaning with aqueous 65 prising the steps of: 
tetrametbyl ammonium hydroxide (TMAH) with effluent (a) heating said solution of daim 7, at between about 130 
reuse: to about 190* F. with constant agitation, 
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(b) spraying said heated solution for between about 10 la nn»™,kj , . - , . 

psi, with at ]«» one multi-oczzle spray bead. Sat ^ «mgS«eo. nickel, gold, podium, 
sweeps across said object, plahnum and silver. 

(c) spray rinsing said object with hot water immediately „f It' oe ! hod „ of cU j oa l > ***Kin said paste comprises 
fcllowmg step (b) t^g said multi-nc^^S 2£ SSLSL*^ f ™ • «™P ~ns*£T°f 
at a pressure of between 50 to about ICO psi, fw io S^cwamtc powder and glassfrw. 

10 to about 20 seconds, to remove any M ^^« D ^^^l.w»»efefa said paste ccniprises 

TMAH fiom said object. a ° otgamc polymer binder and * high boiling organic 
* The method of claim 8, wherein said object is dried 

with forced air or nitrogen. 21. An aqueous cleaning method for cleaning paste resi- 
10. The method of claim 8, where ia said tetrsmetnyl is ^ fro™ at least one screening object comprising the use of 

ammonium hydroxide is removed from the effluent, an aqueous quaternary ammonium hydroxide alkaline sehi- 

recWd airi recycled tioo oooasring essentially of at least about 03% by wetght 

rr£J}Z£^ f 8 i wheP ^ 1 <be wastewater after aod at most 2% by weight of a member of the group 

removing TM AH from the effluent « purified and recycled ooos^iog of tetramethyl ammonium hydroxide, tetrS 
tEES? ^ ^^^^^nKthodforsomen- » ammonium hydroxide, 2-hydroxyethyl trimcthyl smmo- 

%TT , . . „ mum hydroxide, elhyl-trimethy! ammonhim hydroxide tel. 

J£^LT%? C iT,* WhereiD ^ cffhleot ^ «b«ty> ^mnonmm hydroxide and mixmrns ttSeot 

reused before sabjeetmg to ™ah 22. The method a. JSTJSi,^ 

between about 03 wt * to about 10wt% aqueous alkaline solution comprises aqueous tetramcthy] 

14. Tbe mc tbod of ^S^^L^ tvah ^S^5^^<™^ . 

sohnion is used for mask cJe^^ by wessuSe^riv^ jo j 24 ; ^ melhod °f d»«m 23, wbcrefo said aqueous TMAH 
m^r y a^.' U ^7^^ g^^-^^^, 

S^^t^ZSllmT 80 * 0 " 1130 soi^^lS^^^^^ 

15. the method of claim 6, wherein said aqueous TMAH (WtrwFfTJX™, ^"'^ based oo 

sobitiaD contains less than about 1 wt % of TMAHin 
dciomzed water. 
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used more in maintenance than in mJ^T*. 8 * nml raethod 
Bectrocloanlng 

The part to be cleaned is made an electrode in a solution which can 
carry current through its ions. Upon passa« of .JteSl • 
electwlyzed into hydrogen gas J^SEte »^ water » 

is X«t Sw^S SSS 1 ,? ^ST* - dectrocleanin* 
hilhZ , ,vT^ . , 19)> ^^^oefcaning can also bTu^where 

high quality metal cleaning is to be carried out even if the *m£! 
to be electroplated. This is seldom done because of the expens^naX 
»n direct current generators or rectifiers, where** thuZZT? P attSn S 
is available in JSJU^SSS^^ W" 

** !"* dthCr cathode or the anode. If it is 
an^L^^^JT^ fitted as wW* " 

™* *-* cleaning) i. more <5^~ . 
there are fewer detrimental side effects. occausc 



f 



r 
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Mf.TAf. CtJUIXiXG 





Figure 19. Wire racb for appliance* a» shown above ben* earned 
by the JnUj automatic plating conveys at «hc Wire Diruion of 
Bauer W Co., Springfield, Ohio. In the center of the photo may 
be seen a torn blanketed tank containing 2500 gallons of electro- 
cleaner ****** that is used in cleaning the wire racks prior to 
ekttiopcuing. {Courtesy K<lite Co**, Lo, Angel*) 

Electrodeaning ordinarily follow* other cleaning steps; in the prepara- 
tion of metals tor plating Che metal usually goes into the ekctrodwmer 
m a reasonably dean condition except for traces of oily soil and modest 
quantities of finely divided solids and smut Dirty work is also electro- 
cleaned, often in two elecurodeaning tanks to reduce contamination. In 
smaller establishments where the same cleaner is used for soak and elec 
trockantng. it is good practice to keep the para in contact with the cleaner 
for perhaps two to three minutes before electrodeaning for one or two 
mmutes. One reason is the avoidance of excessive electrodeaning which 
could cause detrimental electrode effects; another reason is to permit the 
son to be removed sufficiently so as to expose a clean surface to serve as 
a crater fromwhidi the gas bubbles can form and roUbadt the remainder 
of the soil. This demonstrates, moreover, that the alkaline electrodeaner 
must do more than supply ions to carry the current The electrodeaner 
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mtrjAi. methods of cijbwmc. 

*-™-»«*'-S^L" CITES m 

A major function of the clcrtnw • ounkei. 

are released „ Ul e ff£3Pj Z ** 7* ~ hi <* 

long enough to permit the torn V l £ L , * ™ ° f the cIeaner 

been .« a plat,',,* $lh when h <** "»P *r 5£ Anyone who ha, 
"uuleuuate need not be reniindll rf ^ " °" e,e « r ocjeaner i, 
-ughing and snee,!^ JZt£ "»P<™"« of this-there Z 

Supplying the proJerTJm ^ t r CTy ° ne present - 

Provide a single product a PP U~£™ / £ compounder who must 
condition,. An ideal foam bSSlto r T"^ * < * era *» 
on the surface. It is inJ^ZTZjS^^^^^ 

^pWnts against an elecuocli^ceu^uL^' about 80 

r<*und that about half u-erefar^™ mt,Uted Wa a Period of yean,) 

Thi, situation is Z£ — for too little faS 
from plant to pfcnt while S pr^ Je^ fl"^ * Va "<* 
- ^ soil I, "npredictaWr^yXSe^dfrr 15 * 
smut, can stabilise foams which then £»a ° f *** fonnd *«• 
Su *<f »*'orelectrockanen^ ^ount, 
>«oro foam needed, surfactanT^y b^i^ ' OWae,b «*>- Where 
need may be occasional. 7 added al *e tank because the 

A problem with excessive foam in etect«v.i««; - ■ 
^eenga* accumulated in U>e foam c^eSS ^< hydrogen and 
Tms is mow a nuisance than mena^n^!? * 
Poor plant practice- AnothTr ^cX ?£l?~LZ? k COwM <^ 
™*y be difficult to remove by rin^^l ^ omo *» 
final electroplate. Mistin* noLfcL ™« " h ° W "P * * P 3 "*™ m the 
to prevent this dry^ * ™ 7 * *> down the woA 

wiSTtS ^^nf^ £« effects vary 

orotthodic. MeuU^^t^^^'^^ beanSk 

electroctemed). Brass i, cL,edS^^^f7?^ « ^ 
component at the anode ,y w avo,d solution of the due 
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silicate is VK d as an inhibitor, an insoluble film to d^i n „ k 

c caning is Ollhodlc Hcncc dcai)i fa ^.^^ * hen 

cleaners, under mild conditions and forX'r ri^Ts ~1 j""' 
relatively insensitive to oxitladon-redutaionXts . ^ " 

«r cathodiclly. At high current 
browning of the steel „n4 an inhibitor ST W £^ 
•n the cleaner. Stainless steel can ato£ 'SriZ ^".ST^ 

r^£r in ? r fon is 

cZnn^of s^L " nd ' ,n rCCCnt W ^ — anoU 

vJSTS • °n the current density. By con- 

hjgh current densities, detrimental di^Iudo^oSon^efftL S 
come more pronounced. «««aBon enects be- 

In many industrial establishment, no effort is made to calculate th, 
actual current toity; this is especially true where part 
shape vary from time to time, it is more comnJTnZnViXh 
age and ignore the amperage, considering that with a con7^~£an~ 
one is proportional to the other (E=IR> EfcctrocJeanCrusSS™ 
nedontat3to6volts. If the system cannot d^lopmor^^v^" 
it* resistance i, too great for the generator and ^eu^Sn^ £ 

system exa mined for poor contacts or other mechanical diffkulOeT 

• The role 0 f Ac el^tiodaner fa, deu,™^^ ^ f A . 

important bat not necxsarily most nnponanL Thr T^TT . u 
duongh me barn by me d^uiedwXn^ih^^ * """T^ ° lrfed 
efficiency of the cwWnt toWer °L ""^ the 

cUorideor hydrn^ w _ m^^XctnsT^^ 
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Current dcnsiiics and tunes used most widely for tlic various metals 
arc as follows: 

Steel — 50-150 amp/sq. ft ^ to 5 min 

Urass— 20-50 amp/sq ft \/ 2 lo 1 min 

Zinc— 10-30 amp/sq ft 20 sec to I min (see Chapter 7) 

Nickel— 20-80 amp/sq ft y t to 2 min 

Stainless steel— 50-150 amp/sq h \fc to 3 min 

Aluminum— 30*80 amp/sq ft ]£ to 1 min 

Copj>er— 30-100 amp/sq ft 14 to 2 min 

Tarnishing or darkening by the use of high current density in electro- 
cleaning may be justified if the oxide is uniform and easily removed in 
an acid dip. This is often done deliberately on copper to avoid formation 
of ml cuprous oxide which t$ insoluble in sulfuric acid, whereas the 
black cuprie oxide is soluble. 

Smut Removal. A major reason for die use of high current densities 
for steel is removal of smut Smut may be the deposit left after pickling 
or etching, due to insoluble alloying elements such as feme carbide. It 
may be due to carbonaceous deposits from decomposition of rolling or 
drawing lubricants during the rolling of sheet or forming of shapes, or 
subsequent heat treatment. It could be dust or finely divided abrasives 
entrapped in oil (rust preventive) left behind after deceasing, or atmos. 
pheric dust which settles on stored, oiled work. Removal of smut from 
steel is a very important problem in electrocleaning because of the wide- 
spread existence of this type of soil and its objectionable characteristic 
of impairing the quality of electroplate. 

To blast off smut, it is desirable to have gas generation as great as 
possible, Hence, cleaners of high conductivity are used, at high concen- 
trations (10 to 20 oVgal), and at elevated temperatures (180 to 200° F) 

hydroxy! ion is especially mobile so that the stronger alkalis, eg. potassium 
hydroxide or sodium hydroxide are efficient current carriers and are present in 
high proportions in -high conductivity'' dectrodeaners. The sons are also more 
mobile at higher temperatures which are favored in etearodeaning for this 
reason as well as for enhanced detergency. 

The relative effects of conductivity of the cleaner on cleaning have been 
assessed only qualitatively. The difference between a "high conductivity" and 
Tow conductivity'' elcctxocleaner might be 10 to 25% of the total resistance fin 
the author's estimation). 

Other factors such as condition of the contact* on die rack-or-on the bus bars, 
variations in total surface area, shape of the parts as they influence current 
distribution, or surface films on the opposing electrode may be equally signifies nL 
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source of chroma tc coiiutmiiiaiion of the Clccaoc leaner is the chromic 
arid that is trapped in cracks or Imlcs of improperly maintained plating 

Tiie effects of "chrome conta mi nation" are often argued. It is quite 
likely that they are minimal in the anodic cleaning of steel but quite 
significant in cathodic cleaning of steel where surface films can form that 
prevent good adhesion of electroplate. It is considered that the greatest 
effect of chrome contamination is the possibility of drag-over to the copper 
or nickel plating bath where chromium is very detrimental. Obviously, 
this ts dependent on rinsing and can be avoided. 

Hexavalent chromium can be reduced to the trjvalent state, a form 
which appears to be less harmful, by the addition of small amounts. 
e.g., ftta 1 oz/gaL of sodium bisulfite, hydrosulfite, or metabtsulfite. This 
effect is a transient one as the reducing power of the sulfite is lost and 
the chromium reoxidized at the anode. Eventually, excessive quantities 
of reducing agent are required and it is cheaper to discard the bath. 

Cleaning in the Strike Bath. A cyanide strike bath is often used after 
cleaning and serves as *n intermediate between preparation of the metal 
and the major electroplating. The strike bath is deliberately inefficient 
with regard to plating. Its objective is to prevent formation of a loosely 
held deposit due to galvanic action. The limited amount of metal de- 
posited (copper, nickel or silver) is well bonded to the base metaL 

The cyanide strike (or cyanide dtp when no metal is deposited) serves 
both as a cleaner and surface conditioning step. The cyanide has a high 
alkali concentration and sometimes trisodium phosphate is added to im- 
prove cleaning. The cyanide beneficially forms complexes with unwanted 
metal ions. Very occasionally the acid oxide removal and conditioning 
step ts omiued; the electrolytic cyanide bath removes the oxide formed 
during cleaning. 

It is not good practice to depend upon the cyanide strike to provide 
cleaning. Rather it is to be considered as a safety measure. Certainly 
less trouble is experienced when it is present. If it becomes contaminated, 
on the other hand, it can be dangerous, being too dose to the electro 
plating bath with usually no rinse between the strike and plating bath. 
J. B. Mohler • suggests making the alkaline electrocleaner a strike bath 
by addition of sodium stannate. 

-Steam Cleaning" with Detergent 

This method delivers a hot detergent solution mix©I with some steam 
under considerable pressure through a gun-like tube ending fn a relatively 

* AUto! Finishing, p. 69. (March 1958). 
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